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METHOD AND APPARATUS FOR ATTACHING A CONDUIT TO THE HEART OR A 

BLOOD VESSEL 

BACKGROUND 

The invention relates to the attachment of a conduit to the heart, such as a conduit 
for connection to an implantable blood pimip, or for attaching a conduit to a blood vessel, as in a 
heart bypass graft . Particularly, the method and apparatus according to the invention provides 
for the safe attachment of a conduit to a ventricle of the heart without the need for performing a 
normally requisite cardiopuhnonary bypass. 

Each year hundreds of thousands of patients undergo life saving heart operations 
which necessitate the use of a heart, i.e., cardiopulmonary, bypass. The cardiopulmonary bypass 
procedure enables surgeons to perform complex heart operations without the heart actively 
pumping or, in many instances, not even filled with blood. In its simplest form, the bypass can 
be thought of as a procedure that provides an altemate blood pathway around the heart to 
maintain the blood flow through the body's tissues while the heart, which normally provides this 
function, is being surgically repaired. Typically, persons needing implantation of a left 
ventricular assist device ("LVAD") require the establishment of a bypass pathway . 

During implantation of an LVAD the patient's left ventricle is isolated fi-om the 
circulatory system so that it may be entered for purposes of installing the LVAD's inflow 
conduit into the apex of the left ventricle. It is important that this is accomplished without 
excessive blood loss or air entering the left ventricle and circulation. The patient's circulation is 
maintained by a separate bypass pump and oxygenator, which temporarily bypasses the left 
ventricle. Bypassing the heart has a variety of risks to the patient in addition to its related 



expense. The main hazards surrounding the use of a bypass involve blood damage and embolism 
to the brain and body. The risk of these hazards tends to increase in proportion to the amount of 
time the patient is "on bypass". Typically, the outflow conduit of the LVAD is attached to the 
aorta with an inflow conduit being attached to the left ventricular apex. Attachment of the 
outflow conduit of the LVAD does not require the cessation of blood flow within the aorta. The 
LVAD outflow conduit is typically made of a biocompatible fabric, such as polyester, and has a 
flexible tubular shape that can be attached to the aorta through the use of a side-biting vascular 
clamp. After the conduit is sewn to the aorta, and the other components connected, the side- 
biting clamp is released to allow blood to enter the conduit. The attachment of the inflow 

Q conduit for the LVAD is more problematic since attachment to the left ventricular apex cannot be 

u 

if accomplished using the vascular connection technique. The inflow conduit of an LVAD 

typically has a rigid cannula portion which transverses the muscle of the left ventricular apex and 

Q 

^ is designed to remain open at all times. For the case of a continuous flow pump like the one 

M 

dp outlined in U.S. Patent 5,928,131, blockage of the inflow conduit by clamping the left ventricle 

ru 

if] could cause severe heart tissue and blood damage. Further, the cannula's rigidity prevents the 

0 

M use of a side-biting clamp. Unlike the aortic connection in which a longitudinal incision is made 
along the clamped arterial wall, attachment of the inflow conduit requires a circular incision be 
made through the apical ventricular wall. To quickly insert the inflow conduit into the circular 
ventricular incision would risk induction of an air emboli into the arterial system or excessive 
blood loss from the opened ventricle. 

Accordingly, it can be understood that there is a need for a method and apparatus 
for safely attaching an inflow conduit of an LVAD to the left ventricular apex of a heart without 
the necessity for performing the conventionally necessary cardiopulmonary bypass. 
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SUMMARY 

One presently preferred embodiment of the invention provides a method and 
associated apparatus for attaching a conduit to the heart. In particular, the method and apparatus 
safely attach the conduit, such as an inflow conduit for an LVAD, to the heart without the need to 
perform cardiopulmonary bypass. The apparatus can include an enclosure which provides an 
air-free environment and contains all of the instruments and other components needed to safely 
remove a plug of tissue from the heart and securely attach the end of the conduit to the heart 
without performing cardiopulmonary bypass. The members of the apparatus can be provided as 
integral members of the sealed enclosure, which can be attached to the heart prior to performing 
the operations.needed to attach the conduit to the heart. The enclosure can be evacuated of all 
air, for example, by filling it with a blood compatible fluid like sterile saline. The enclosure can 
serve as a barrier to prevent sxirrounding air from entering the circulatory system during 
attachment of the conduit. Attachment of the apparatus to the heart can be accomplished using 
an attachment member which can be affixed to the enclosure prior to attachment to the heart. If 
the enclosure has a prefomied opening, it can be filled with saline, after it is attached to the heart 
via the attachment member and thus sealed, in order to remove all air from within the enclosure. 
Alternatively, the enclosure can be pre-sealed and either be pre-fiUed with saline, or potentially 
have all air evacuated using a vacuum process, prior to attachment to the heart. In this case, the 
apparatus would be a pre-packaged imit ready to attach to the heart and would not need to be 
filled with saline during the attachment procedure. After attachment of the enclosure to the heart, 
an opening in the heart can be created using a coring tool, of which at least the coring end is 
sealed within the enclosure. The coring tool can include a cutting member for separation of the 



core tissue from the heart and a holding member adapted to hold the plug of heart tissue being 
removed. Where the enclosure is pre-sealed, the coring tool can simply core through both the 
enclosure and the heart tissue. When the plug of tissue has been fully dissected, the coring tool 
along with the plug of tissue, and, where the enclosure is pre-sealed, also a portion of the 
enclosure removed during coring, can be retracted into the enclosure away from the opening in 
order to make space for the insertion and attachment of the conduit. At least the end of the 
conduit which will be attached to the heart can be sealed within the enclosure and the opposite 
end can be closed of in some manner to keep air out of the enclosure. The end of the conduit can 
then be advanced into the hole created by the coring tool and secured to the heart, normally via 

Q the sewing cuff, using a fastening member that can also be provided with the enclosure. The 

O 

remaining procedure is simply to connect the other end of the conduit, such as to an LVAD, and 
cut away the enclosure from the inflow conduit and heart attachment member. 

□ 

^ Another embodiment can utilize a like method and associated apparatus but for 

p attaching a conduit to a blood vessel. In this case, instead of attaching the conduit between the 

fy 

y heart and the LVAD, the conduit would be attached between a blood vessel and the LVAD. 

0 

BRIEF DESCRIPTION OF THE FIGURES 

A more complete understanding of the invention can be obtained by considering the 

following detailed description in conjunction with the accompanying drawing figures, in which: 
Figure 1 is a perspective view showing an embodiment of the invention for attaching a 

conduit to the heart without the need for performing a cardiopulmonary bypass. 

Figure 2 is a perspective view of an embodiment of the invention similar to that shown in 

Figure 1 as it may look attached the heart. 
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Figure 3a is a view partially in section of an embodiment of an attachment member for 
attaching the invention to the ventricle of the heart. 

Figure 3b is a sectional view through line IQb-nib in Figure 3a. 

Figure 3c is a view partially in section of an alternative embodiment of an attachment 
member for attaching the invention to the ventricle of the heart. 

Figure 3d is a sectional view through line Illd-IIId in Figure 3c. 

Figure 4a is a view similar to Figure 2 showing a maimer in which the open end 49 of the 
conduit 24 can be clamped off to prevent air from entering into the enclosure 27. 

Figure 4b is a view similar to Figure 4a showing an alternative manner in which the open 
end 49 of the conduit 24 may be closed off to prevent air from entering into the enclosing. 

Figure 5 is a side cross section view of an embodiment of a coring tool. 

Figure 6 is a side cross section view of an altemative embodiment of a coring tool. 

Figure 7 is a side view of an embodiment of a conduit. 

Figure 8a is a side view of an embodiment of a conduit having an expandable tip. 
Figure 8b is a view taken along line VHIa-VIIIa in Figure 8a. 

Figure 9a is a side view of the conduit 24 shown in Figures 8a-8b with the tip expanded. 
Figure 9b is a view taken along line IXa-EXa in Figure 8a. 

Figure 10a and 10b illustrate two different ways in which the attachment member can be 
secured to the conduit 24. 

Figures 1 la through 1 Ic illustrate an embodiment of a clamp, as shown in Figure 10b, 
that can be used to secure the attachment member to the conduit 24. 

Figure 12a is a view of the inflow conduit with collapse support rings 

Figure 12b is a sectional view of Figure 12a 



Figure 13 is a perspective view of an alternative embodiment of the invention as it may 
look attached a portion of the vasculature other than the heart, such as a large blood vessel like 
the aorta. 



DETAILED DESCRIPTION 
The apparatus 15 of the present invention is particularly well-suited for safely 
installing an inflow conduit to the left ventricle without the need for a heart bypass. Essentially, 
the apparatus IS provides for attachment of a conduit to the heart in an air-free environment. 
The apparatus 15 enables an air-free environment by providing a contained and sealed enclosure 
27 around the site intended for the conduit 24/graft 25attachment and all instruments required for 

0 

complete attachment of the conduit 24 to the heart. Consequently, the apparatus 15 and method 
1,11 elinunates the need for cardiopulmonary bypass, thus eliminating such bypass associated risks as 
S hemolysis and air emboli. 

I J Referring now to Figure 1, the apparatus 15 can include a heart attachment 

12 member, such as a sewing cuff 18, a coring tool 21 for removal of a plug of heart tissue, and a 
conduit 24, all having at least pertinent portions thereof sealed within an enclosure 27 from 
which all air is or can be evacuated. The apparatus 15 may be attached to a heart, as shown in 
Figure 2, using various surgical approaches. In one preferred approach, related to implantation of 
an LVAD, the patient's thorax is typically opened at the fifth intercostal space (between the fifth 
and sixth rib) of the left lateral chest wall. For the human anatomy, this region has good 
exposure to the left ventricular apex, which is the desired location for attachment of an inflow 
conduit for an LVAD. The apparatus 15 can then be sewn to the ventricular apex such that the 
sewing cuff 18 is centered over the region where the conduit 24 should be optimally placed. The 
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placement of the sewing cuff 18 can be key to successful inflow conduit performance as it 
govems the orientation of the inflow conduit with respect to the left ventricle. Improper 
alignment, such as the inflow conduit pointing into the septal wall, can increase the likelihood of 
the interventricular septal wall heart tissue blocking the conduit 24. This phenomenon can cause 
two serious problems to occur. The first is suction of heart tissue against the mouth of the 
conduit 24, something that could be quite severe when using a continuous flow pump such as 
described in U.S. Patent No. 5,928,131. One aspect of this severity is the level of tissue damage 
and bruising that can occur to the septal wall of the heart. Instances of tissue ripping free and 
passing through the pump may also occur. The other serious problem is the negative pressure 

M 

Q induced at the pump inlet in a tissue blockage instance, which can cause cavitation of the blood. 

O 

if This, in tum, can lead to hemolysis and adversely affect pump performance. Considering that 

N 

^ most developers of ventricular assist devices now target five plus years as the pump life, an 

^ " ongoing problem due to improper inflow conduit ahgnment would be unacceptable. 

M 

p The method of fastening the sewing cuff 18 (and hence the apparatus 15) to the 

m 

y heart can vary. Where a sewing cuff 18 is used as the attachment member, separate sutures 
M spaced around the circumference of the cuff is the conventionally preferred manner and can be 
done with or without pledgets 34 (devices used to provide added support), as shown in Figure 2. 
Pledgets 34, although not required, can provide additional support and prevent the excessive 
leakage of blood. Various other suture types can be used for fastening the sewing cuff 18, or 
other attachment member, to the heart, which will be clear to those skilled in the art. 

The sewing cuff 18 can preferably be made of a biocompatible material, e.g., 
surgical fabric, such as felt, Dacron, or expanded teflon, which has an approximate thickness of 2 
mm. The shape of the sewing cuff 18 can vary, with an annular form being a presently preferred 



7 



Hi 



embodiment. However, other shapes can be devised by those skilled in the art, based upon the 
needs of the patient. For example, if the patient's heart is substantially more pointed than 
average, an altemate shape may be needed to prevent buckling of the attachment member around 
its outer circumference. In this case, a petal arrangement may be preferred, as shown in Figure 2. 

If the apparatus IS is used in conjunction with a heart assist device such as 
described in U.S. Patent Nos. 5,928,131 or 6,066,085, then the sewing cuff 18 may also serve as 
an apical defibrillation electrode. Previous animal testing has demonstrated that a pair of 
defibrillation electrodes, one at the heart apex and the other at the base of the heart is efficacious 
and results in a very low defibrillation energy threshold. Utilizing the sewing cuff 18, or other 
attachment member, for this dual function can eliminate the need for a separate defibrillating 
electrode in a heart assist system having defibrillation capability. 



o 

'si 

^ The sewing cuff 1 8 can be attached to the enclosure 27 of the apparatus 1 5 at the 



inner circumference of the cuff portion 37, as shown in Figures 3a-3d. In one embodiment, the 
P two can be bonded together, as depicted in Figure 3b and 3d. Altematively, a mechanical 



y interlock may be used at this junction. Depending on the needs of the patient, additional cuff 

P 

M material may be used to increase the strength of the bond joint. Additionally, other ways of 

affixing the sewing cuff 18, or other attachment member, to the heart can easily be conceived by 
those skilled in the art. The sewing cuff 18, or other attachment member, can have an opening 40 
therethrough, as shown in Figures 3a and 3b, or can be have a facing 43, as shown in Figures 3c 
and 3d, such that there is no opening 40. Where the sewing cuff 18, and the enclosure 27, have 
the opening 40 therethrough, the enclosure 27 can be filled with a bio-compatible fluid, such as a 
sterile saline, after the sewing cuff 1 8, along with the enclosure 27, is attached to the heart. 
Altematively, where the sewing cuff 18 has a facing 43, or if the enclosure 27 is totally enclosed. 
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including where the sewing cuff 1 8 is affixed, such that the enclosure 27 is pre-sealed prior to 
attachment of the sewing cuff 18 to the heart, the enclosure 27 can have all air evacuated prior to 
attachment to the heart. The air can be evacuated, for example, by filling with sterile saline or by 
a vacuum process. In either case, a fill/empty port 46 can be provided in the enclosure 27 to fill 
and/or empty the saline, or the saline can be filled/emptied through the conduit 24. In any case, 
the objective is to remove all air fi^om within the enclosure 27 prior to attaching the conduit 24 to 
the heart. During a fill procedure, the fill/empty port 46 of the enclosure 27, or open end 49 of 
the conduit 24, should be kept at the highest level with respect to the floor in order to completely 
evacuate all of the air firom the enclosure 27. Fluid should be added and air removed until the 
enclosure 27 is completely filled with saline. After all the air has been evacuated, the end 49 of 
the conduit 24 must be closed temporarily until the enclosed end 53 of the conduit 24 has been 
installed and secured to the heart and sewing cuff 18 . Generally, the conduit 24 is secured to the 
sewing cuff 18- not to the heart itself. To seal off the connector end of the conduit 24, either an 
end-cap 56 can be fitted to the connector end of the conduit 24, as shown in Figure 4b, or the 
conduit 24 (and any portion of the enclosure 27 adjacent to the conduit 24) may be cross- 
clamped, such as with clamps 59, to prevent saline fi-om escaping fi-om or air fi-om entering the 
enclosure 27, as shown in Figure 4a. 

Once allV)f the air has been evacuated and the enclosure 27 totally sealed, the 
coring tool 21, shown in pore detail in Figures 5 and 6, can be used to remove a section of tissue 
fi-om the left ventricular apex. The coring tool 21 can have a central rod 62 and an outer tubular 
barrel 65. The central rodl62 can have a corkscrew-like member 68 for retaining the plug of 
tissue after it has been cut loose fi-om the heart. Altematively, if, for example, an initial scalpel 
incision is made in the left yentricularapex 30, a holding member 71, like that depicted in Figure 



6, could be used. Un that case, the holding member 71 would be passed through the incision and 
into the ventriculancavity, where the tissue can be held from the opposite side while the tissue is 
cored. Other methods will also be apparent to those skilled in the art. In either case, while the 
central rod 62 of the coring tool 21 is held stationary, the outer barrel 65 can be rotated as a blade 
portion 74 of the barrel >65 is pressed against the heart surface. This action is continued until the 
blade portion 74 of the ccring tool 21 barrel 65 passes completely through the heart wall. The 
entire coring tool and captmred tissue plug can then be retracted into the enclosure 27 and kept 
there while the conduit 24 ia being attached to the heart. The size of the enclosure 27 and the 
coring tool 21 make it possible for arrangement of the inner components of the enclosure 27, 
such that subsequent manipulations of the conduit 24 within the enclosure 27 are unobstructed by 
the other enclosed members of the apparatus 15. 

The central rod 62 of the coring tool 21 can have a knurled end 77 for easy 
manipulation during coring since, in a presently preferred embodiment, the central rod 62 will be 
held stationary with respect to the barrel 65 during the cutting of the tissue. Near the opposite 
end of the central rod 62 an O-ring 80 can be provided to seal between the central rod 62 and the 
barrel 65 while allowing free rotation of the central rod 62 within the barrel 65. The O-ring 80 
can be primarily held by a circumferential groove 83 in the barrel 65. Like the end 77 of the 
central rod 62, a portion 86 of the barrel 65 can also be knurled to aid in manipulation of the 
barrel 65 during coring. A groove 89 can also be provided in an outer surface of the barrel 65 for 
accommodation of a sealing bead 92 provided where the enclosure 27 surrounds the barrel 65, as 
shown in Figures 10a- 10b. As with the O-ring 80 between the central rod 62 and the barrel 65, 
the sealing bead 92 between the enclosure 27 and the barrel 65 provides a barrier between the 
environment within the enclosure and outside the enclosure 27. Altemative sealing methods will 
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also be apparent to those skilled in the art. It should also be noted that the a portion 95 of the 
enclosure 27, in the region of the sealing bead 92, can be provided with a generally cylindrical 
shape to facilitate easy gripping of the enclosure 27 and the barrel 65 in that region. The 
cylindrical cutting edge 74 of the barrel 65 can be of a size which corresponds to the size of 
conduit 24 being attached. Other embodiments of the coring tool 21 and the sealing methods of 
the coring tool 21 and enclosure 27 will be apparent to those skilled in the art. 

A presently preferred embodiment of the conduit 24 can be as depicted in Figure 7. The 
end the conduit 24 which attaches to the ventricular apex may be referred to hereinafter as the 
apical cannula 53, or simply the cannula 53. The apical cannula 53 may have features that 
improve alignment within the ventricle, prevent the heart septum from moving over and covering 
the mouth of the caimula 53, and/or enhance the flow dynamics around and through the cannula 
53. In any case the apical caimula 53 can have a provision for attachment to the sewing cuff 18, 
or other heart attachment member. A series of grooves 98 around the outer circumference of the 
apical cannula 53 is one such provision. This feature would enable fixation options such as a 
purse-string type, ligature attachment 101 of the enclosure 27 to the apical cannula 53, as shown 
in Figure 10a. One presently preferred apical cannula 53 tip design would be a depioyable 
trumpet tip 104, shoAvn in Figures 8a and 8b, which can be expanded into a shape having a 
minimal pressure drop, good flow dynamics, and which has the capability to support the 
ventricular wall. In this embodiment, the cannula tip 104 could have a tip holding member 107 
to keep the outer maximum diameter of the cannula tip 104 within a dimension that would pass 
through the hole created in the apex 30 by the coring tool 21. After the tissue plug is removed, 
the cannula tip 104 could be advanced through the hole, just as in other embodiments, and, after 
optimum placement, the tip holding member 107 could be advanced to release the trumpeted 
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cannula tip 104 and then withdrawn. The conduit 24 could then be retracted to bring the 
expanded cannula tip 104 into a snug position against the endocardium of the left ventricle, as 
shown in Figure 9a and 9b. The series of grooves 98 on the cannula facilitate the conduit's 
ability to permanently have a snug fit regardless of the heart's wall thickness. This feature also 
prevents the existence of a gap or undercut between the inner wall of the left ventricle and the 
apical cannula. From a flow standpoint, such a gap or undercut would allow blood to stagnate 
and potentially cause tissue deposits and the formation of thrombi. 

Extending away fi-om the cannula tip 104 can be a vascular graft portion 25of the conduit 
24. A variety of grafts 25 can be used with the invention, but a graft 25 that needs no preclotting 
is preferable since grafts 25 needing preclotting typically must be thoroughly soaked in the 
patient's blood before they are installed. Alternatively, a rigid polyurethane portion may be used 
in place of the vascular graft 25, depending on the needs of the patient. In any case, the nominal 
diameter of the graft 25, or rigid portion, should match the inner diameter of the apical caimula 
53, such that no discontinuity, i.e., step, between the two is present. Such a discontinuity could 
trigger adverse reactions such as hemolysis and tissue deposits. 

If Dacron or a similar material is used for the vascular graft 25 portion, the inflow conduit 
24 may preferably have stiffening washers 25 along the length of graft 25, as shown in Figure 12. 
The placement of the washers 25 along the graft 25 portion of the inflow conduit 24 is such that 
radial and longitudinal stiffiiess increases while the ability of the conduit 24 to bend is not 
hampered. In particular, the washers 25 provide a stiffening effect that prevents any collapse of 
the graft 25 due to bending or due to very low blood pressures within the inflow conduit. 

These washers 25 can be made of any material but biocompatible polyurethane is 
preferred. Their size is mainly governed by the required strength to withstand the low blood 
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pressures within the inflow conduit 24 and any compression from organ-to-organ loads external 
to the inflow conduit 24. However, the thickness of each washer 25 is kept to a minimum to 
provide the smallest radial profile that might irritate any tissues the washer 25 may rub against. 
The edges of the washer 25 are also preferably rounded to prevent any additional tissue irritation. 
The washers 25 are preferably sized to prevent the collapse of the grafts 25 and must be able to 
withstand the pull of the graft 25 inward for any low blood pressure conditions within the inflow 
conduit 24. When Dacron is used, the graft 25 must be rigidly connected to the washers 25 such 
that the graft 25 will not rip/tear off the washer 25 in any blood pressure related or extemal 
loading condition. 

The spacing of the washers 25 is such that the prevention of collq)se is minimized 
while the ability of the conduit 24 to bend is maximized. The closer the washers 25 are spaced 
together, the less likely collapse will occur between them. Conversely, if the washers 25 are 
spaced too far apart, there exists likelihood that the length of Dacron between the washers 25 will 
be the primary site for collapse of the conduit 24 due to bending. This spacing also has an affect 
on the minimiun bend radius that is possible for the inflow conduit 24. For the present invention, 
close spacing is preferred to the extent that a reasonable bend radius is possible for the whole 
inflow conduit 24. Finally, if the distance between washers 25 is too great, there is also an 
increased chance of collapse in the unsupported region between the washers 25 due to low blood 
pressure in the inflow conduit 24. 

The extreme opposite end of the vascular graft 25, or rigid portion, can preferably 
terminate in a flange 1 10. A washer-like stifTener 113 can be provided adjacent to, and can be 
bonded to, the flange 1 10. A threaded shell 116 can be provided which can surround both the 
end of the conduit 24 and the flange 110, and can be used to fasten the conduit 24 end to an 
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LVAD (not shown). The outside circumference of the threaded shell 1 16 can have an integral 
groove 1 19 that can serve as a locator for a sealing bead 122 of the enclosure 27. The enclosure 
27 orifice can be provided with the bead 122 for fluid-tight connection to the threaded shell 1 16, 
thus sealing within the enclosure 27 the end of the conduit 24, i.e., the apical cannula 53, which 
attaches to the sewing cuff 18. Alternative manners of sealing the enclosure 27 about the conduit 
24 will also be apparent to those skilled in the art. 

The enclosure 27 portion of the apparatus 15, as has been described above, can 
have four regions associated with enclosing at least portions of the other members of the 
apparatus 15, e.g., the coring tool 21, sewing cuff 18, conduit 24, and fill/empty port 46 (where 

Q provided). In one presently preferred embodiment, the enclosure 27 can preferably be 0.02 

O 

'4 



inches thick and made of a transparent and durable polymer. The regions associated with the 



j0 coring tool 2 1 and the conduit 24 can be provided with orifices having sealing beads 92, 122, as 

K\ 

^ described above, or a similar provision that can preferably be integral to the enclosure 27. This 

M 

p can be important since each of the aforementioned members of the apparatus 15 should be 

ru 

[il allowed to rotate fi-eely with respect to the encloswe 27 while maintaining an air tight seal. The 
M fill/empty port 46, where provided, can preferably be bonded to the enclosure 27 wall and cannot 
move relative thereto. 

Near the sewing cuff 18 there can be provided a feature for enabling the sewing 
cuff 18, or other heart attachment member, to be fastened to the apical cannula 53 of the conduit 
24. As described previously, one presently preferred embodiment can use a Ugature 101 pre- 
threaded through a tunnel-like passage 125 which can be provided near the sewing cuff 18. After 
apical cannula 53 placement, the ligature 101 can be tightened and tied off to secure the wall of 
the enclosure 27 (and hence the sewing cuff 18) to the cannula 53, as shown in Figure 10a. 
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Alternatively, Figure 10b illustrates the use of a circular clamp 128 that could be used to capture 
the enclosure 27 and fasten the attachment member to the apical caimula 53. The plurality of 
grooves 98 on the apical cannula 53 will allow a proper fit of the apical cannula 53 for various 
left ventricle muscle wall thicknesses. Those skilled in the art will also recognize other ways to 
accomplish the same goal. One presently preferred embodiment of a circular clamp 128 is 
depicted in Figures 1 la-1 Ic. As shown, the clamp 128 can have a pair of semicircular portions 
131,133 which are integrally connected at a central pin 136. The pin 136 allows each 
semicircular portion 131,133 to be rotated with respect to the other such that the clamp 128 may 
be opened fully to allow placement around the apical cannula 53 and adjacent enclosure 27. An 
ample number of grooves 98 can be provided on the apical caimula 53 such that the clamp 128 
may be aligned with one of the grooves 98 which provides the optimal positioning relative to the 
cannula 53. Preferably, each semicircular portion 131,133 of the clamp 128 can have ends 139, 
142 configured to clip together opposite the central pin 136. After proper positioning, the clamp 
128 is closed to capture the apical cannula 53 and the enclosure 27. Next, the end 49 of the 
conduit 24 at the threaded shell 1 16 side of the cross-clamp 59 can be filled with the sterile 
saline. Concurrently with the above procedure, an outflow conduit could be sewn to the 
ascending or descending thoracic aorta using a side-biting clamp (not shown). This outflow 
conduit can have a cormector similar to the inflow conduit cormector 1 16, and both connectors 
could be attached to opposite ends of a blood pump. Before attachment to the inflow conduit, the 
blood pump and outflow conduit could also be filled with sterile saline. Then, as the blood pump 
and the inflow conduit were attached saline could be continually poured onto the connection site 
to eliminate any possibility of air emboli. Finally, the enclosure 27 can be dissected away fi'om 
the inflow conduit and the sewing cuff 18. 
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A presently preferred alternative embodiment of the invention is a similar 
apparatus 215 adapted for safely installing a conduit to other parts of the vasculature, for example 
a large blood vessel 217, such as an aorta, as illustrated in Figure 13. Essentially, the apparatus 
215 provides for attachment of a conduit to the blood vessel 217 in an air-free environment. The 
apparatus 215 enables an air-free environment by providing a contained and sealed enclosure 227 
around the site intended for the conduit 224 attachment and all instruments required for complete 
attachment of the conduit 224 to the blood vessel 217. The apparatus 215 can include an 
attachment member 218, which can be similar to the sewing cuff 18 used in the attachment of the 
apparatus 15 to the heart ventricle as shown in Figure 1. The apparatus 215 can further include a 
coring tool 221 for removal of a plug of tissue from the blood vessel 217, and the conduit 224, 
each having at least pertinent portions thereof sealed within an enclosure 227 from which all air 
is or can be evacuated via a fill/empty port 246. The apparatus 215 may be attached to a blood 
vessel using various surgical approaches well known to those skilled in the art. The apparatus 
215 for attaching a conduit 224 to a blood vessel 217 is essentially identical to the apparatus 15 
for attaching a conduit to a heart ventricle, with the only difference being the portion(s) of the 
vasculature to/between which the conduit 24, 224 is attached. However, the defibrillation aspect 
of the sewing cuff 18 can be eliminated from the sewing cuff 218 in this embodiment of the 
invention. Additionally, the inflow conduit 224 would not require an apical tip portion like the 
end of the cannula 53 which attaches to the heart ventricle. Nevertheless, the conduit 224 can 
include grooves 298, or Uke features, for the purpose of adjustably locating the conduit 224 with 
respect to the enclosure 227. Similar to the grooves 98 of the apparatus 15, the grooves 298 of 
the apparatus 215 enable a ligature or circular clamp to fasten the conduit 224 to the enclosure. 
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Although certain embodiments of the invention have been described in detail, it 
will be appreciated by those skilled in the art that various modifications to those details could be 
developed in light of the overall teaching of the disclosure. As such, those particular 
embodiments which are disclosed herein should be treated as illustrative only, and not as limiting 
the scope of the invention, which should be awarded the full breadth of the following claims and 
any and all embodiments thereof 
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